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The results of some experimental and cultural studies of epidemic
encephalitis were reported in a preliminary communication 1 and were

believed to confirm the demonstration by Loewe and Strauss 2 of a

minute, filtrable organism as the cause of this disease. Additional
material has been studied, and similar results have been obtained and
are presented in this report.

Investigations by Levaditi and Harvier 3 and by McIntosh and Turn-$
bull,4 were referred to in the previous article.1 Further studies by
these investigators and reports by others, also confirming the experi-
ments of Loewe and Strauss, have since been published, and it is of
interest to review briefly some of this literature.

McIntosh5 reported successful transmission from his original
monkey to another, and to a rabbit. A monkey kept as a control with
the inoculated monkey developed a spontaneous infection, with symp-
toms of epidemic encephalitis and characteristic brain lesions.

Levaditi, Harvier and their co-workers 6 have added more experi-
mental evidence of the filtrability of the virus of epidemic encephalitis
which is present in the central nervous system of fatal cases. They
found it pathogenic for guinea-pigs and rabbits, but less so for monkeys.
Animals were infected by inoculating them intracranially, intra-ocularly,
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into the peripheral nerves and intranasally after scarifying the nasal
mucous membrane. They also found the virus in the cerebrospinal fluid
and nasal washings of cases of this disease. Their attempts to cultivate
an organism from the virus, with the methods perfected by Noguchi,
were unsuccessful. The virus, however, remained alive in Noguchi
medium for from seven to eight days and in tissue cultures, after the
method of Carrel, for fifteen days.

Maggiore and Sindoni 7 isolated from the blood and spinal fluid of
cases of epidemic encephalitis an organism resembling that isolated by
Flexner and Noguchis from cases of poliomyelitis. They produced
the disease in rabbits by intracranial injection of a patient's spinal fluid
and intravenous injection of a culture of the organism. Repeated
passages through animals produced invariably the characteristic clinical
picture and pathologic lesions. They concluded that poliomyelitis and
epidemic encephalitis are identical. In a recent communication they
report further cultural and clinical evidence which strengthens their
belief that epidemic encephalitis and poliomyelitis are the same disease.
(The presence of the virus in spinal fluid and the susceptibility of
rabbits to the disease differentiate it from poliomyelitis.)

Ottolenghi, Antona and Tonietti ° found the virus in the blood,
nasal washings and spinal fluid of cases of epidemic encephalitis. The
virus is filtrable. Guinea-pigs were infected by intracranial and intra-
peritoneal inoculation and by instillation of nasopharyngeal washings
into the nostrils. In rabbits the nasal mucous membrane had first to
be scarified for successful inoculation. Brains of cats, experimentally
infected, were virulent for guinea-pigs. Two strains of virus were

successfully passed through eight and twelve series of animals. The
experimental disease lasted from five to thirty-five days and proved
fatal in all but thirteen of the 215 guinea-pigs inoculated.

Bastai,10 working in the clinic of Micheli, found a filtrable virus in
the central nervous system, obtained at necropsy, from cases of epidemic
encephalitis. Subdural injection of this caused a fatal illness in rabbits,
dogs, cats, guinea-pigs and rats, which was very similar to the disease
in man. Characteristic microscopic cerebral lesions were present in the
animals. The disease could be communicated indefinitely from animal
to animal. With tissue-ascitic fluid medium, an extremely minute,

7. Maggiore, S., and Sindoni, M.: Etiology of Epidemic Encephalitis,
Pediatria, Naples 28:985, 1920. Epidemic Encephalitis, ibid. 29:682, 1921.
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della encefalite epidemica, Sperimentale 76:1, 1920.
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filtrable organism was cultivated from Berkefeld filtrates of the original
brain material obtained from cases of epidemic encephalitis and from
the brains of the animals which succumbed to the experimental disease.
Cultures of this organism, injected subdurally, produced in animals the
same disease and the characteristic pathologic lesions already mentioned.
Micheli,11 says that he is convinced of the accuracy and correctness of
the investigation of Bastai, which was performed in his clinic.

Kling, Davide and Liljenquist12 recently reported confirmation of
their previous findings 13 that the virus of epidemic encephalitis appears

Fig. 1.—Midbrain region of a case of epidemic encephalitis, myoclonic type.

to be glycerol resistant, filtrable and uncultivatable. Their recent report
was based on the inoculation of rabbits with spinal fluid from a case of
epidemic encephalitis. Four rabbits were originally inoculated and were

killed in from thirty-eight to forty days. The brains of two showed
characteristic lesions. Five rabbits were inoculated with brain material

11. Micheli, F.: Intorno all'etiologia dell'encefalite Epidemica, Riforma
m\l=e'\d. 37:9, 1921.

12. Kling, C.; Davide, H., and Liljenquist, F.: Virus of Epidemic Encepha-
litis in the Cerebrospinal Fluid, Hygiea, Stockholm 83:566 (Sept. 16) 1921.

13. Kling, C., and Liljenquist, F.: Compt. rend Soc. de biol. 84:521, 1921.
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from these. Two animals of this series were killed and the brains also
showed characteristic lesions. They emphasize the possibility of
employing inoculation of spinal fluid into rabbits as a diagnostic method.
Netter, Cesari and Durand u have reported communication of the
disease to rabbits by inoculation of nervous tissue from a man who
died fifteen months after the onset of the disease. They were able to
transfer the virus from animal to animal by inoculation of extract of
the salivary glands. They found that the virus remained virulent in
50 per cent, of glycerol for at least thirty-two days.

Fig. 2.—Midbrain region of a case of epidemic encephalitis, myoclonic type.

Amoss 15 found that serum from convalescing cases of epidemic
encephalitis did not protect monkeys from poliomyelitis virus, whereas
serum from convalescent poliomyelitis cases does protect monkeys from
this virus. This immunologie difference is contrary to Maggiore and
Sindoni's belief in the identity of poliomyelitis and epidemic encephalitis

14. Netter, A.; Cesari, E., and Durand, H.: Demonstration de l'activit\l=e'\
du virus dans les centres nerveux 15 mois apres le debut. Presence de ce virus
daus les glandes salivaires, Compt. rend Soc. de biol. 84:854, 1921.

15. Amoss, H. L.: Immunological Distinctions of Encephalitis and Polio-
myelitis, J. Exper. Med. 33:187, 1921.
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and is further verification that these two diseases are separate entities
caused by viruses which biologically are closely related.

Several other communications are of interest, although their exact sig¬
nificance cannot be determined. Doerr and Schnabel,1" and Blanc and Camino-
petros " found a filtrable virus in the plasma of herpes febrilis which caused
herpetic keratitis when injected into the cornea of rabbits. This condition can

be transferred from animal to animal. This virus, when injected subdurally

Fig. 3.—Subcortical region of a case of epidemic encephalitis, fulminating type.

into rabbits, is said to produce clinical and pathologic manifestations identical
with those produced by virus from cases of epidemic encephalitis. They
believe these two viruses are closely related. Luger and Lauda18 report finding

16. Doerr, R., and Schnabel, A.: Das Virus des Herpes febrilis and seine
Beziehungen zum Virus der Encephalitis epidemica (lethargica), Schweiz. med.
Wchnschr. 51:469 (May 19) 1921. Weitere experimentelle Beitrage zur
Aetiologie und Verbreitungsart des Herpes febrilis beim Menschen, ibid. p. 562.

17. Blanc, G., and Caminopetros, J.: Recherches experimentales sur l'herpes,
Compt. rend. Soc. de biol. 84:629-630, 767-770, 859-860, 1921.

18. Luger, A., and Lauda, E.: Zur Aetiologie des Herpes Febrilis, Ztschr.
f. d. ges. exper. Med. 24:19, 1921.
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a filtrable virus in the fluid of the vesicles of herpes febrilis which on injection
produced herpes in the cornea of animals. This condition can be transmitted
indefinitely from animal to animal.

MATERIAL AND METHODS

The experimental and cultural methods used throughout this investi¬
gation were the same as those described in the preliminary communica¬
tion 1 and identical with those previously described by Loewe and
Strauss.2

Fig. 4.—Brain of a rabbit inoculated intracranially with virus which had
been passed through another rabbit.

The material and experiments are collected in the table. Animal
inoculations referred to as positive are those in which microscopic brain
lesions were found, identical with those present in fatal human cases.

The inoculations were made intracranially. Positive cultures indica.e
recovery in the tissue-ascites medium, perfected by Noguchi, of a
minute filtrable organism having the same morphologic, cultural and
biologic characteristics as those recovered by Loewe and Strauss.2

The cases which came to necropsy ran typical clinical courses and
varied from a fulminating case, with death eighteen hours after the
first symptoms, to one of lethargic type which lasted eighteen months
with remissions and relapses.
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The brains in all these cases showed characteristic lesions ; that is,
perivascular round cell infiltration and focalized areas of degeneration
and round cell infiltration, most numerous in the pons and midbrain
region. In the two fulminating cases the lesions were definite but few
in number. This is of importance since, in the cases studied by
Mclntosh and Turnbull, no lesions were found. Some of the brains
from rabbits, which in the present study succumbed after inoculation,
showed no lesions even though the virus was present, as was proved by
culture and by transmission to other rabbits.

Fig. 5.—Brain of a rabbit inoculated intracranially with virus which had
been passed through three other rabbits.

Necropsies were performed on seven cases of epidemic encephalitis.
Filtrates (through Mandler clay filters tested to hold back B. pro-
digiosus) from five brains yielded positive animal inoculations and
cultures. One brain filtrate yielded only positive cultures and one brain
only positive animal inoculation, but from these animals the minute
filtrable organism was recovered. Positive results, including both
cultures and animal inoculation, were obtained in 100 per cent, of the
seven brains studied.
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The number of spinal fluids investigated was forty-five, secured
from thirty-five cases. Positive cultures were obtained from spinal
fluid from twenty-four cases, which is 70 per cent, of the cases and
53 per cent, of the spinal fluids examined. Positive animal inoculation
was secured with spinal fluid from twenty-two cases, which is 65 per
cent, of the cases and 49 per cent, of the spinal fluids studied. With
spinal fluids from five (15 per cent.) of the cases animal inoculations
were positive, although cultures were negative. Positive cultures were

Fig. 6.—Rabbit inoculated intracranially with culture of the minute organ¬
ism in its third generation.

obtained from spinal fluids obtained on two different days from three
cases. In two other instances the first spinal fluid, obtained when the
patient was acutely ill, yielded positive cultures while subsequently,
during convalescence, negative results were obtained from specimens of
spinal fluid. In two cases, spinal fluid obtained three and five months
after onset of this disease yielded positive cultures. The total of
positive results, by both cultures and animal inoculations, was obtained
with spinal fluids from 85 per cent, of the cases studied.
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Nasopharyngeal washings were similarly tested from five cases ;
positive animal inoculation was obtained in all five, positive cultures
in four. The combined results were positive in 100 per cent, in this
series.

The total number of rabbits inoculated intracranially with either
original material or filtrates of the brain of animals which succumbed
was 295. Of these 167 died ; 108, or 65 per cent., showed characteristic

Fig. 7.—Rabbit inoculated intracranially with culture of the minute organ¬
ism in its third generation.

lesions of epidemic encephalitis (only two rabbits died from acute

meningitis). Most of the strains of virus were passed through only
one or two series of animals, but passage of a few strains was made
through twelve, five, five and four series.

The animals generally died in from two to eight weeks after
inoculation, and this is considered to be the incubation period after
intracranial inoculation. A few rabbits died in from one to two days.
Death after this short interval was believed to be caused by some

factor other than the development of the disease, as cerebral lesions
were not present. Nevertheless, in a number of instances when the
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animal, inoculated intracranially with a potent virus, succumbed after
a day, cultures of brain filtrate and transmission experiments were

positive.
Viruses of different origins were inoculated intracranially into fifty-

two guinea-pigs ; thirty-five died, and twenty-one, or 60 per cent.,
showed characteristic brain lesions (three guinea-pigs died from acute

meningitis).

Fig. 8.—Rabbit inoculated intracranially with culture of the minute organism
in its third generation.

Cultures in the third, fifth and fifteenth generations were inoculated
intracranially into rabbits with the same percentage of positive results
as with injections of virus, and the minute organism was again
recovered from the brain filtrate of the animals that died.

Some of the cultures were carried through twenty-two generations.
Cultures were repeatedly filtered and the minute organism recovered
from the filtrate.

Spinal fluid from the following control cases and brain filtrates from
all but the last two were inoculated intracranially into thirty rabbits
with negative results : three cases of glioma of brain, one case each of
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tuberculous meningitis (verified at necropsy), Hodgkin's disease,
poliomyelitis, staphylococcus bacteremia, tubercle of cord (verified
microscopically) and diabetes.

Cultures on ordinary mediums of these spinal fluids and brain
filtrates yielded no growth. Most of the spinal fluids, brain filtrates
and filtered nasopharyngeal washings were similarly cultivated and
showed no growth, except an occasional spinal fluid from which an

obvious contamination was recovered. Filtrates from the rabbit brains
yielded no growth.

Fig. 9.—This illustration shows the comparative size of Staphylococcus
aureus and the minute filtrable organism cultivated in Noguchi medium from
the brain filtrate of a case of epidemic encephalitis ; X 1200.

Although the human brains were not removed aseptically at
necropsy, nevertheless two brains were cultivated on ordinary mediums
(including blood agar) and in deep tubes (which had been autoclaved)
of glucose bouillon containing a piece of sheep brain. The surface of
the brain was seared and pieces were removed aseptically from the cere-
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brum and midbrain. Seven rabbit brains, removed aseptically, were

similarly cultivated. Most of the tubes inoculated with the human
brains showed growths of saprophytic bacteria. Only an occasional
tube inoculated with rabbit brain yielded growth, usually Staphylococcus
aureus. Streptococci (hemolytic or anhemolytic) were never recovered
from these blocks of brain, brain filtrates (human and animal), spinal
fluids or filtered nasopharyngeal washings. Sections from the brains of
five cases and from numerous rabbit brains showing characteristic
lesions were stained by the Gram-Weigert method and no cocci or other
organisms were found.

Results of Experiments

Number
of

Cases

Number
of Speci¬

mens

Number of
Positive
Animal
Inocula¬

tions

Number of
Positive
Cultures

Negative
Cultures

but
Positive
Animal

Inocula¬
tions

Total
Number of

Results,
Both Cul¬
tures and
Animal In¬
oculations

Brain filtrate
(necropsy
material)

Spinal fluid

(Case 5 was
negative)

(Case 6 was
negative)

34
Including 7
mild cases
and 8 con¬
valescing

cases

22
65% of cases
49%of spinal

fluids

24 5
70% of cases 15% of cases
53%of spinal

fluids

100%

85%

Nasopharyn¬
geal wash¬

ings

5
100% of

specimens
60% of

specimens
20% of

specimens

Control, uninoculated rabbits were sacrificed from time to time from
different groups of animals. The animals were secured in lots of one

or two dozen from different stocks and dealers. None of the brains
from these animals showed gross or microscopic lesions. Some of the
inoculated animals which died after several weeks, or remained alive,
developed snuffles. Two animals which developed snuffles were sacrificed
and the brains found normal, grossly and microscopically. Of those
which died after inoculation and which had developed snuffles some

showed lesions characteristic of epidemic encephalitis and some did not.
It is, therefore, not believed that snuffles in rabbits can account for the
microscopic brain lesions characteristic of epidemic encephalitis found
in the animals used in this investigation.

SUMMARY

The investigations of epidemic encephalitis by Loewe and Strauss,
which antedate other similar studies, seem to indicate that a filtrable,
living agent, or virus, is regularly associated with this disease. This
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virus causes a disease in animals which is similar to, and in many
animals identical with, epidemic encephalitis. The microscopic cerebral
lesions in the animals are the same as those which have been found
to be characteristic of this disease. From this virus, an extremely
minute filtrable organism was grown in the ascites-tissue culture
medium perfected by Noguchi. Cultures of this organism likewise pro¬
duced the characteristic disease and lesions in animals.

The study reported confirms the findings of Loewe and Strauss 2

in their entirety. Their animal experiments with the filtrable virus
have been confirmed also by Mclntosh and Turnbull,4 Levaditi and
Harvier,0 Maggiore and Sindoni,7 Ottolenghi, d' Antona and Tonietti,0
Bastai,10 Kling, Davide and Liljenquist,12·13 and by Netter, Cesari and
Durand ; 14 and their cultural experiments, by Maggiore and Sindoni 7

and by Bastai.10
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